In mammalian development, pivotal patterning events take place during peri-implantation period, when the embryo attaches to the uterine tissues of the mother. At this time, a layer of cells called visceral endoderm provides signals crucial for specifying the anterior-posterior (A-P) axis of the embryo. Due to the difficulty of crossing the implantation barrier in vitro, the mechanisms of generating a signaling center within the visceral endoderm itself remain elusive. Here, we present 3D-geec, a peri-implantation culture method that supports continuous mouse embryo development in vitro from pre-to postimplantation stages while preserving its in-vivo-like geometry. Such embryos retain the expression of lineage-specific markers, are minimally delayed in their development, preserve in-vivo-like proportions, and correctly specify A-P axis in the absence of maternal cues. Observing and manipulating embryos in this culture, we are able to explore the hidden heterogeneity within the inner cell mass of the blastocyst that predicts future body patterning. By combining 3D culture, time-lapse light sheet fluorescence microscopy, and single-cell RNA-Seq, we can now explore the development of peri-implantation embryo, and probe the lineage and character of cells that play a crucial role in the establishment of embryonic body plan. Asymmetrical morphogenesis of the primitive node is the first sign of left-right symmetry breaking in the chick. However, the mechanisms leading to this asymmetry are unknown and a possible causal link between asymmetrical morphogenesis and molecular patterning remains to be elucidated.
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Morphological analysis and live imaging of membrane GFPtransgenic chick embryos revealed that a planar tilt of the node emerges during early node regression (stages HH 4 + to 5 +). As the result of this node tilting the right node shoulder is continuous with the notochord while the left part of the node is shifted posteriorly (and continuous with the floor plate neurectoderm). At stage 5 + and together with the emerging left-sided expression of nodal mRNA, both morphological domains of the node are separated by a region of reduced cellular density in between. Immunohistochemical localization of the cell surface molecule N-Cadherin at stage 5 follows this morphology with a particularly strong reaction in the primitive streak, the right node shoulder, and the emerging notochord. Interestingly, small intercellular matrix-filled spaces, recently discovered in semithin plastic sections and specifically localized in the Hensen's node from stages 4-until 8, are found where the basement membrane starts to become degraded during epitheliomesenchymal transition in the node. Transmission electron microscopy of the microcavities shows short cellular processes and a filamentous structure within the matrix.Immunofluorescence staining for the basement membrane protein fibronectin, correlates with the distribution of the newly discovered microcavities in the Hensen's node.
This topographical correlation with the asymmetrical morphogenesis of axial mesoderm during node tilting and node regression leads us to hypothesize that microcavities in the node play a role in axial mesoderm formation and left-right patterning. During preimplantation mammalian development first differentiation event sets apart pluripotent inner cell mass from extraembryonic trophectoderm (TE), a lineage necessary for embryo implantation in utero and subsequent formation of the placenta. This early differentiation process has been extensively studied in the mouse, but little is known about its mechanism in other mammalian species. Here we present analysis of the specification of the TE during preimplantation development of the rabbit embryo. Cdx2, Gata3 and Eomesodermin have been previously shown to be some of the main transcription factors specifying TE fate in the mouse. We demonstrate that these factors are also present in the rabbit embryos, but initial stages of TE differentiation are executed in their absence, as their expression is only detected after TE can be morphologically distinguished. Earliest stages of rabbit embryo cavitation are visible around 3 dpc (days post coitum), yet Cdx2 expression is first detectable in 3.5 dpc blastocyst in only a subset of TE cells, and Gata3 expression is initiated in TE of expanded blastocyst at 4.5 dpc. At the same time, early to mid-blastocyst stage rabbit embryos express pluripotency factors Oct4 and Nanog throughout trophectoderm (as well as in ICM/epiblast). Moreover, primitive-endoderm associated factor Gata6 is also expressed in rabbit TE until late blastocyst stage. In summary, these results show discrepancies in early lineage specification between rabbit and mouse, and suggest that other, Cdx2 and Gata3 independent mechanisms might be involved in specifying TE lineage in the rabbit. Cardiovascular progenitors arise along with kidney, smooth muscle, and limb lineages from lateral plate mesoderm (LPM). How the LPM is initially specified within the mesoderm and what molecular features connect its vastly distinct cell fates remain vaguely defined. By combining cis-regulatory element analysis with live imaging, we charted the initial emergence and patterning of the LPM in zebrafish.
To study the emergence and collective migration of early LPM, we performed panoramic lightsheet microscopy of LPM-marking zebrafish reporters combined with fate-restricted reporters including lmo2, hand2, and pax2.1. Our time-lapse imaging of dual-color labeled embryos from gastrulation to late somitogenesis captured the entire arising LPM to form bilateral stripes along the AP-axis, followed by medial condensation. These data sets enabled us to follow the individual LPM stripes over time to clarify the position and lineage relationship of their descendant fates.
Our data captured for the first time the collective migration of the presumptive body wall and pericardial precursors in opposing directions than the other LPM lineages. Additionally, we uncovered new details in the stripe architecture, including the so-far elusive lineage origin of the intestinal smooth muscles (iSCMs). Supported by lineage tracing, we tracked back the initial emergence of LPM progenitors to a confined drl/sox17 doublepositive mesendoderm territory which during gastrulation refined to two single-positive populations. Accordingly, the LPM appears to correctly form its key lineages in sox32-perturbed embryos that feature abolished endoderm formation. These results support a predominantly autonomous formation of the LPM independent of the endoderm.
Altogether, our live imaging provides the first in toto charting of the emerging LPM architecture starting from gastrulation and contrasts with previous models of mesendoderm patterning and general mesoderm emergence. Our findings provide a structural framework for the earliest formation and emergence of LPM and its descendant cell fates. Phospholipids activate a wide range of signalling pathways which regulate several cellular processes. During embryonic development phospholipid concentration is strictly regulated through their synthesis and dephosphorylation. Plpps are phospholipid phosphatases that take part in this regulation and are present from embryogenesis to adulthood. Our group has identified that the activity of Plpp3 is essential during embryonic development, since its deficiency results in embryonic lethality around E9.5. Embryos show defects in anteroposterior axis development and in neural tube closure at the cephalic region, amongst other defects.
Lysophosphatidic acid (LPA) synthesis is required to establish the midbrain-hindbrain boundary (MHB) organizer, which directs the pattering of the anterior neural tube. Plpp3 as well as LPA synthesizing enzymes and receptors are expressed in the MHB, which strongly suggest that a tight regulation of LPA levels could contribute to the correct development and function of this structure.
The aim of this study was to evaluate the role of Plpp3 in the establishment and maintenance of the MHB organizer in Plpp3lacZ/ lacZ mouse embryos, initially through the analysis of the gene expression of markers such as Otx2, Wnt1, Fgf8, Pax2 and En2 by in situ hybridizations.
Our results show that the establishment of the MHB organizer is not altered in Plpp3lacZ/lacZ embryos, however the expression of various MHB genes appears modified at the 8-somites stage. Expression levels of Wnt1 and Fgf8 were increased, and their expression patterns appear expanded throughout the midbrain/ hindbrain region. In contrast, Pax2 expression was decreased at the MHB and anterior neural folds. Also, the neural folds in Plpp3lacZ/ lacZ embryos show stereotypic groves surrounding the En2 expression domain, which were absent in control embryos.
Our findings show that Plpp3 is not required for the MHB establishment, but it is necessary for the correct expression pattern of genes associated with its maintenance. The vertebrate body plan is bilaterally organized around a central axis located in the body midline. In amniote embryos, dorsal midline structures (primarily the notochord and neural tube) form early in development. In contrast, ventral midline structures (including the descending aorta, primitive linear heart tube, gut tube, dorsal and ventral mesenteries that connect the gut tube and its derivatives to the body wall, and others) appear later. They are originally located laterally in the flat amniote embryo, and must fold ventrally in order to reach their ultimate location in the ventral body midline. The mechanisms that regulate the folding of these ventral structures and ensure their alignment with the dorsal midline are not well understood.
We have used the dorsal gut mesentery (DM) as a model for investigating the formation and positioning of ventral midline structures (Dev Cell 2016 37:571-580 and unpublished). We document formation of the DM by way of epithelial-to-mesenchymal transition (EMT) and medial ingression of the coelomic epithelium (CE) of the lateral plate mesoderm, in which newly generated mesenchyme cells from the two sides of the CE migrate medially to meet in the ventral midline, where they generate the DM and other ventral body structures. Bilaterally asymmetric perturbation of BMP or Shh signaling in the ingressing CE results in non-midline placement of the DM. Using an RNAseq approach, we have begun to characterize cellular pathways regulated by BMP and Shh during CE ingression, and have identified components of EMT and ApicalBasal Polarity mechansims as playing a role in this process. Finally, because BMP antagonists and Shh are expressed in the dorsal midline, this provides a mechanism in which factors secreted from the dorsal midline regulate the rate of medial ingression of CEderived cells, thereby ensuring alignment of the dorsal and ventral embryonic midlines. In Xenopus laevis (X. laevis) embryos Wnt/β-catenin signaling is the informative signal for induction of the Spemann Organizer. Here,
